In this study, the effect of EGb-761, the standardized extract of Ginkgo biloba at dose levels of 50, 100 and 200 mg/kg was investigated on experimental models of obsessive-compulsive disorder such as quinpiroleinduced compulsive checking in rats and marble burying behaviour in mice. Water maze test was used to evaluate the effect on spatial memory and the underlying mechanisms were predicted based on rat brain dopamine and serotonin levels. EGb-761 at 100 and 200 mg/kg showed signifi cant improvement against quinpirole-induced compulsions. A protective effect on memory task was observed in EGb-761-treated rats. This could be attributed to the increase in serotonin and decrease in the dopamine levels. The protective effect of EGb-761 in the treatment of obsessive-compulsive disorder is apparent through the performance in the open fi eld and marble burying behaviour.
Research Paper
Obsessive-compulsive disorder (OCD) is a diagnostic and statistical manual of mental disorders-5 and is one of the most common forms of psychological disorder with about 2 % of the population suffering from it at any point of life, all over the world [1] . OCD, is a disorder of obsessions that generates recurrent and persistent unwanted thoughts, images or impulses leading to develop compulsions, it can also be defi ned as a chronic illness causing disability with symptoms that vary in intensity and impair quality of life (QOL), various factors associated with poor QOL such as; comorbid depression, obsessions, low social support, adverse effects of concomitantly used medications such as mood stabilizers and feeling of low social status [2, 3] are further making it more debilitating.
The primary loci of these pathological changes are the regions that communicate with basal ganglia and are involved in error detection of brain circuits i.e. hippocampus, globus pallidus, orbitofrontal cortex (OFC), anterior cingulate cortex (ACC), right premotor cortex, left superior temporal gyrus and left dorsolateral prefrontal cortex [4, 5] . Various theories explaining the neurobiology of OCD, reinstate that repeated stimulation of ACC and OFC result in messages that are excessive and erroneous to the basal ganglia [6] , this also leads to comorbidities such as attention defi cit hyperactivity disorder and bipolar disorder, general memory defi cit [7] and reduced memory confi dence [8] . Many neurotransmitters play a key role in the aetiology of OCD, of which serotonin's involvement [9, 10] is of great importance.
Many medicinal plants such as Rhodiola rosea, Scutellaria laterifl ora, Matricaria recutita, Ginkgo biloba, Piper methysticum and Crocus sativus were reported to possess adequate benefi cial effect in the treatment of various anxiety disorders and are reported to act through multitude of mechanisms such as altering the neurotransmitter reuptake,
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receptor binding and modulation of endocrine and psychoneuroimmunology [11] . EGb-761 (EGb), a standardized extract of the Ginkgo biloba leaf containing 24 % of fl avone glycosides (quercetin, kaempferol and iso rhamnetin) and 6 % of terpenes (gingkolides and bilobalides) [12] , was chosen to study the effect on OCD, because of the reported effi cacy of Ginkgo biloba in the treatment of anxiety [13] . The involvement of serotonin, dopamine and noradrenaline in the aetiology of OCD and Gingko biloba's ability to alter the neurotransmitter levels has made us to evaluate the effect of EGb on OCD using two animal models, compulsive-checking induced with quinpirole in rats and marble burying behaviour in mice [14] . The effect of EGb on memory was explored using the Morris water maze apparatus [15] and the rat brain monoamine levels were explored to elucidate the extent of effi cacy on OCD and predict the relationship between dopamine and serotonin in its treatment.
MATERIALS AND METHODS
Experiments were performed on Wistar rats (180-200 g, 8-10 w) and Swiss albino mice (25-30 g, 10-12 w) of either sex, which were procured and housed in accordance to the guidelines of Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) for experiments on animals. Animals were procured from Mahaveer Enterprises, India, (1656/PO/Bt/S/12/CPCSEA) and the experimental protocols were approved by the Institutional Animal Ethics Committee (IAEC) of Bapatla College of Pharmacy, India (IAEC/VIII/ BCOP/4/2016-17). The animals were maintained at controlled climatic conditions, 22±1° temperature, 40-50 % humidity and 12 h light/dark cycle. Water and pelleted feed were provided ad libitum throughout the experimentation period. Acclimatization of the animals to the laboratory conditions was done 7 d prior to the initiation of the experiments. EGb was procured from Wilmar Schwabe, Germany. For oral administration, EGb and paroxetine were suspended in Tween 20 (10 %) and carboxy methyl cellulose (CMC, 1 %), respectively and prepared freshly every day before administration. Animals treated with Tween 20 were considered as control.
Grouping of animals:
All rats were trained for spatial learning using Morris water maze [16] and were randomly grouped for quinpirole-induced compulsive checking into 6 groups (n=6). Group I, control received Tween 20 0.1 ml/100 mg; group II, negative control; group III (50 mg/kg), group IV (100 mg/kg), group V (200 mg/kg) rats were treated with EGb and group VI treated with paroxetine 1.8 mg/kg/po and served as the positive control. All groups except the control group received quinpirole 0.5 mg/kg/po twice a week for 35 d, 1 h prior to the exposure to the open fi eld on the last day of the treatment. EGb and paroxetine were administered for 35 d. To explore the marble burying behaviour, mice were grouped (n=6) as group I, control; group II (50 mg/kg), group III (100 mg/kg), group IV (200 mg/kg) were treated with EGb and group V mice were treated with paroxetine 1.8 mg/kg/po and served as positive control, all the treatments were done for 28 d.
Quinpirole-induced compulsive checking in rats:
Rats were placed individually on a fl at and large wooden open fi eld (1×1 m) consisting of 4 objects that differ in shape and colour and are fi xed equidistantly at the corners. On the last day of the treatment, various behavioural parameters such as frequency and duration of stops, number of visits to other objects on successive return to each object and ritualistic behaviour were analysed single blinded (observer is unaware of the treatment) for a period of 55 min [17, 18] in a sound proof facility with glass partition. The open fi eld was thoroughly deodorised after each observation.
Effect on memory:
The effect on memory was evaluated based on the retention of the learned task i.e. time taken for the identifi cation of the hidden platform in the Morris water maze apparatus [16] .
Marble burying behaviour of mice:
Effect on marble burying behaviour was determined by placing mice individually in a cage with adequate bedding material for burying marbles. Five marbles of similar colour and dimensions were scattered over the bedding material and the mice were left undisturbed for 10 min. The number of marbles buried at the end of 10 min was calculated after 1, 14, 28 d of treatment for all the groups [14] .
Estimation of rat brain monoamine levels:
After the study on retention of memory, rats were sacrifi ced by cervical dislocation and the brains were isolated quickly. Anaesthesia is avoided to eliminate the chance of alteration of neurotransmitters [19, 20] . The brains were rapidly removed and the neurotransmitters levels of dopamine and 5-hydroxytryptamine were measured in the whole brain using fl uorimetry based on the method by Kari et al. [21] .
Statistical analysis:
Behavioural parameters, frequency of stops and duration of stops were categorized as more and less and are compared using Bland-Altman analysis to determine the percent difference and bias for various objects (more = sum of scores attained for two objects where more frequency of stops and duration of time spent was observed, less = sum of scores attained at two objects where less frequency of stops and duration of time spent was observed). Non-parametric spearman correlation test was used to compare the number of visits to other objects on successive return to each object with that object of least number of visits. The effect on water maze test, brain monoamine levels and marble burying behaviour were analysed using one way ANOVA followed by Dunnet's 't' test. A value of p<0.05 was considered statistically signifi cant.
RESULTS AND DISCUSSION
Excessive stimulation of OFC and ACC resulting in generation of repetitive messages to basal ganglia and loss of error detection abilities are the two widely discussed pathological mechanisms of OCD [6] . The former's ability to explain various symptoms of OCD made it to be readily acceptable. The present study also supports this view, as quinpirole induced increase in dopaminergic activity has led to the increase in frequency of stops at specifi c objects on the open fi eld in negative control groups, whereas rats of control group had rarely shown any such discrimination/ bias. The bias (difference in total number of stops between two objects with more frequency and that with less frequency, expressed as bias±SD) observed with Bland-Altman analysis was reported in Table 1 , a bias of 27.6±14.9 was observed with control group. Quinpirole-treated negative control group had shown a marked discrimination in the frequency of stops at different locales (bias of 116.9±11.1) was observed in quinpirole-treated group, indicating the development of obsessions for the objects. EGb at a dose of 50, 100 and 200 mg/kg had shown a marked decrease in the bias, 41.8±14.1, 24.4±14.5 and 20.4±42.1, respectively when compared with that of negative control and no signifi cant difference was observed between the treatments of EGb at 100, 200 mg/kg and paroxetine 26.5±11.8.
Obsessions (likeliness) developed towards two objects in rats treated with quinpirole not only increased the frequency of stops for specifi c objects but also increased the duration of stopping at those objects, the results were tabulated in Table 2 . A bias of 181.91±18.51 was observed with negative control group, which was more than that observed with control group, i.e., 36.2±37.4. Administration of EGb 50, 100 and 200 mg/kg had shown a marked reduction in the bias to 73.9±34.8, 57.9±18.6 and 37.1±36.2, respectively, when compared with negative control. EGb-treatment at 100 and 200 mg/kg did not show any signifi cant difference when compared with that of paroxetine-treated groups 58.07±47.81. The use of selective serotonin reuptake inhibitors (SSRI's) in the treatment of OCD further supported the same. Whereas, appearance of ritualistic behaviours at objects where rats have developed obsessions indicated that compulsions were developed to overcome the obsessions. EGb and paroxetine had also reduced the ritualistic behaviours, thus substantiating its effi cacy in the treatment of OCD EGb has been reported to improve learning [12] and memory in Alzheimer's disease [22, 23] . In the effect on memory as shown in fi g. 2, no such retrieval of learned task (reaching the escape platform) was observed with quinpirole treatment as the time taken to identify the hidden platform increased to about 67.4±11.6 s, which is signifi cantly greater than that observed with control (23.2±5), treatment with EGb 50, 100 and 200 mg/kg had shown a retention of memory, but was signifi cant only with 100 and 200 mg/kg i.e. 34.9±5.8, 30.4±3.5, respectively and a signifi cant effect was observed only with EGb 200 mg/kg when compared with paroxetine treatment.
SSRI's used in OCD [24] are reported to attenuate the overactivity of the OFC by increasing 5-HT 2A and 5-HT 2C receptor stimulation [25] . Involvement of norepinephrine, dopamine and high glutamate activity [26] in the pathogenesis of OCD are reported in many of the recent studies surpassing the studies that elucidate the role of serotonin alone in the neurobiology of OCD [27] . The following changes observed in the monoamine levels of whole brain as shown in fi g.3 substantiates this, a signifi cant increase in the DA levels was observed in negative control group when compared to control. Rats treated with EGb 100 and 200 mg/kg had shown a signifi cant decrease in DA levels at 772.6±14.8 and 711.5±32.6 ng/g, respectively and a signifi cant increase in the 5-HT levels was observed only at 100 and 200 mg/kg, 577±23.5 and 612±41.3 ng/g (p<0.01), when compared to group II (negative control). No signifi cant changes in the levels of DA and 5-HT were observed with EGb at 50 mg/kg. Similarly signifi cant increase in the 5-HT and decrease in the DA levels were observed when compared to that of negative control. DA levels were not signifi cantly altered with paroxetine treatment, whereas a signifi cant increase in 5-HT was observed. A signifi cant difference was observed in the serotonin levels of EGb 50 mg/kg treatment when compared to that of paroxetine treatment and no signifi cant difference was observed between EGb treatment and paroxetine.
Overactivity of dopaminergic system has been reported to be involved in OCD [28] , as basal ganglia is innervated with dopaminergic fi bres and its dysfunction is considered to be the primary cause of OCD. Malfunction of caudate nucleus in OCD prevents the, "error" signal from the OFC to the thalamus thus affecting the prevention of recurrence of the signal. So, the hyperactive thalamus creates a loop of worry signals that are never-ending between the thalamus and OFC [29] . Hence, in an attempt to relieve the observed apprehension due to repeated signalling, OFC responds by increasing anxiety or developing compulsive behaviours. Abnormality in the concentration of dopamine in amygdala and hippocampus might be the cause of memory disturbances in OCD [30] , as these are the structures that are actively involved in the consolidation of emotional and recent memory, respectively [28] , their innervation with dopaminergic fi bres [31, 32] further confi rms its involvement in the memory disturbances observed with OCD.
The ritualistic behaviours, cleaning the snout with forepaws, repeated grooming with hind paws, was observed in quinpirole (negative control) rats at the objects where rats have developed obsessions and these compulsive behaviours were not observed in control group. Treatment with EGb and paroxetine had markedly reduced the severity of these behaviours. The interaction between the dopaminergic and serotonergic systems in the mid-brain regions i.e. substantia nigra and ventral tegmentum with dopaminergic neurons being targets for serotonin cells [28] explains the involvement of 5-HT and DA in OCD. Activation of 5HT 1A (auto receptor) inhibits DA release in the dorsal striatum and enhances dopamine release in nucleus accumbens [33] . This explains the possible mechanism of the effect of SSRI's in the treatment of DA agonist induced OCD, as quinpirole is agonist to D 2 and D 3 receptors in the striatum [17] , which in turn increases the dopamine levels. The increase in the serotonin concentration with EGb, its role on 5HT 1A -auto-receptors, which inhibit dopamine release and studies on sertraline, that it decreases the extracellular dopamine in the striatum, further supports the observation [34] . Decrease in dopamine levels was observed in the present study, contributes to the protective effect of EGb and paroxetine in OCD.
The protective effect of EGb is reiterated by the study on the marble burying behaviour of mice. Burying of noxious or harmless material is the natural compulsive behaviour of the mice and the reduction in this behaviour is taken as an index of protection against compulsions in OCD, a multiple day study was chosen since, Hollander et al. [35] reported that anxiolytic drugs like diazepam reduced compulsions initially but lost the protective effect on repeated administration. Whereas, drugs which operate through serotonergic mechanisms are protective against compulsive behaviour only on repeated administration, this is once again substantiated in the present study as single administration of EGb did not show any protective effect against compulsive behaviour. The results observed on single administration support this further, since SSRI's are reported to exhibit antiOCD effect only after repeated administration [36] . Administration of drugs for 14 d have shown a further reduction in the number of marbles buried and a signifi cant reduction was observed at both the dose levels of EGb 100, 200 mg/kg respectively when compared to that of control. Whereas, treatment for 28 d also had shown similar signifi cance on the compulsive behaviour (marble burying), suggesting that repeated administration did not show any tolerance against the activity of these drugs and the protective effect is comparable to that of paroxetine, no signifi cant decrease was observed with EGb 50 mg/kg, results were summarized in Table 3 . This protective effect could be due to the observed changes in the dopamine levels, as the strongest support for the role of DA in mediating OCD symptoms comes from the non- neurotransmitters in the pathophysiology of OCD apart from serotonin [37] i.e. dopamine.
OCD, involving abnormal processing of signals by ACC, OFC and basal ganglia are treated with antidepressants [38] , though they are incompletely effective in providing adequate therapeutic effect and are also involved in many adverse effects this study had made it evident that EGb exerts protective effect against OCD and its associated memory disturbances, and the underlying mechanism is accentuation of serotonin levels and decrease in dopamine levels (mediated through 5HT 1A -auto-receptors stimulation). The existing treatment includes prolonged use of antidepressants, which lead to many side effects such as dyskinesia, nervousness, anorexia, loss of libido and insomnia [39] . Hence, EGb could be an effective alternative, which could also reduce the side effects involved in the OCD treatment and its comorbidities. However, further studies such as, monoamine reuptake, inhibition of monoamine oxidase, sensitization and enhancement of receptor binding or neuroendocrine modulation that validate and substantiate the authenticity of these results are necessary to investigate the role of EGb to make it an effective alternative in the treatment of OCD and will reinstate the role of EGb on other pathological processes involved in OCD. 
